
AD-A22 692 ESTINCTO BNY DIELECTRI PRILSA. CAL AND 1

INFRARED WAVELENGTHS(U) UTAH UNIV SALT LAKE CITY DEPT

OF BIDENG INEERING P W BARBER 30 NOV 82

UNCLASSIFIED ARO-17066.B5-GS DAAG29
-
aI

- K 0 0 6 7  
F/G 20/6 NLIIII I

I-



1112. jQW22

12.0

I-

iii1 = I

SI-

1.25 LA4 1.

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1963-A

Iw



I sgcumtyyUnclassit ied ~
SCUIYCLASSIFICATION OF Thuis *Acc o1wha, Date etere)

READ INSI 'TONS J

REPORT DOCUMENTATION PAGE BEOECMIr jFR
ft RPOR "UmseN 2. QOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER

12 
27

4TITLE (an Suabtitle) S. Type OP REPORT a PERIOD COVERED

EXTINCTION BY DIELECTRIC PARTICLES AT OPTICAL Final
AND INFRARED WAVELENGTHS 1 April 1981-30 September 1982

6. PERFORMING ORG. REPORT NUMBER

I . AUTHN~g') 4. CONTRACT Oft GRANT NUMINER(bj

Peter W. Barber DAAG 29 81 K 0067

9. PERFORMING ORGANIZATION NAME AND ADDRESS I0. PROGRAM ELEMENT. PROJECT. TASK
Department of Bioengineering AE OKUI UBR

ru-4 University of Utah
Salt Lake City, UT 84112

11I. CONTROLLING OFFICE N AMEK AND ADDRESS 12. REPORT DATE

uS. A'rn'. ke~er ),fice 30 November 1982
post Oltic2 eB' 12211 IS. NUMBER OfPAGES

jesearch Triangle Pak NC 27709 2
14. MONITORING AGENCY NAME 6 ADORESSWI different fat. Controlifng Office) 1S. SECURITY CLASS. (of this report)

Unclassified

IS&. OECL ASSI FICATION/ DOWNGRADING
SCHEDULE

IS. DISTRIBUTION STATEMENT (of this Roe"oi)

Approved for public rfsease; dfatriburion
unlimited.

17. DISTRIBUTION STATEMENT (of the ab~iract mened In Block 20, It differetuti ate Report)

1S. SUPPLEMENTARY NOTES

THE VIEW, OPINVIN& ANP01N SY~~ 7-1 1% "s'rwq p.p ~ " ow
AIRE THOSE OF TiE Al!!M~S AMD 0S0!: - * rUE0 AS
AN OFFICAL CS-ARTMENT OF THE AF?"- . CR a5.*.

DIELECTRIC PARTICLES SCATTERING
MUELLER MATRIX ABSORPTION
NONSPHERICAL PARTICLES3 26. ABSRACI (IMON 41 00e'me aft N .i60eMOM mi DEOee- W blak FAN1114s)

LAJ See reverse side.

An 7147m~ao wv£1Oi Unclassified
S9CUS TfiCWIFICATIOft OF TMIS PAGE (When Date Enteee4



Unclassified

SECURITY CLASSIFICArieN cip rwis PAGE~lbh. Dan. *Mmd)

The light scattering properties of noaspherical particles have been
investigated. A volume integral equation technique suitable for cubical
or high axial ratio particles has been developed and tested. A hybrid

diffrenial-nteraltechnique suitable for irhomogeneous particles has
also been developed and tested. The elements of the Mueller matrix havebeen calculated for spheroids and super spheroids. A framework for para-
meterizing both particle shape and scattering output has been proposed
as a mechanism for relating these two quantities. Graphical techniques

permit rapid analysis of angular scattering resuirs.
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Problem Statement

The goal of this project is to quantify the optical and infrared
extinction properties of dielectric particles. Tasks include the develop-
menat of new numerical methods and the use of these methods to analyze the
polarized scattering and absorption characteristics of nonspherical par-
ticles.

Summary of Significant Results

I. Mueller Hatrix Calculations.

We have calculated the eight nonzero elements of the Mueller
matrix for a set of randomly oriented prolate superspheroids. We
were able to show that all of the elements are almost equally sensi-
tive to small deformations in shape. In particular, the S3 element34
does not appear to be uniquely sensitive to particle deformations,
as has been indicated in some (limited) experimental results.

We have used the aerodynamic shape factor to parameterize
particle shape. The elements of the Mueller matrix have been para-
meterized in a similar fashion. Calculations for prolate and oblate
spheroids show that it should be possible to find a relationship
between particle and scattering parameters, although there is an
unresolved ambiguity between prolate and oblate particles which have
identic-al aerodynamic shape factors. Also, a number of different
approaches to classifying scattering results have'been studied. Most
are based on spectral decomposition of the angular scattering.

2. Scattering by Dust-type Particles.

An algorithm has been developed for calculating the scattering
by particles which are cubical or can be constructed from cubes.

PreliInar testing is complete, the correct small particle Rayleigh
behavior was obtained. After further testing we intend to calculate
the elements of the Mueller matrix for a variety of cubical and long
cylindrical particles. One part of the investigation will compare
the scattering by cubes and spheres to test the legitimacy of rep-
resenting atmospheric dust particles by spheres.
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3. Scattering by Inhomogeneous Particles.

The combined finite element integral equation method has for the
first time been tested on nonspherical objects. The results, while
not exact do prove that the method works. However, there are still a
number of numerical problems which are proving difficult to overcome.
Namely, the numerical differentiation and singularity problems des-
cribed in previous reports. Furthermore, the computer memory and CPU
time required to run the program are excessive. We are now deciding
whether the method is going to be useful as a practical tool for
scattering research.

4. Scattering Calculations for Large Particles.

We have successfully used the T-matrix method to make calculations
for spheroidal ice crystal models with size parameters in the range of
20-30.' These results have been compared with those for hexagonal
cylinders to determine the effects of fine structure on the scattering
phase matrix elements. We have also made a large number of calculations
which will be compared with some experimental measurements on atmospheric
aerosols.
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Scientific Personnel

P. W. Barber, Principal Investigator
H. Massoudi, Faculty Associate
P. Geller, Graduate Student
S. Hill, Graduate Student

P. Geller completed all requirements for a Master's degree in
Electrical Engineering. The degree will be awarded at Commencement in
June 1983.
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